Haemosporidian parasites (Sporozoa: Haemosporida) are a cosmopolitan group of obligate heteroxenous protists that parasitize amphibians, reptiles, birds and mammals and utilize blood-sucking dipteran insects (Insecta: Diptera) as vectors. Haemosporidians have been studied since 1884 and are considered to be important models in the study of human malaria (Lucena 1939 , Garnham 1966 . Malaria, one of the most well-known haemosporidioses, is considered to be a particularly important parasitic disease in tropical and subtropical countries, infecting and killing several million people each year (Snow & Omumbo 2006) . Early studies on avian Plasmodium spp have made invaluable contributions to basic research in human malariology. The discovery of rodent malaria parasites and the development of continuous in vitro cultivation techniques for the most deleterious human malaria species, Plasmodium falciparum, decreased the scientific focus on avian Plasmodium spp at the end of the XX century (Valkiūnas 2005) . However, the extensive understanding gained from pioneering studies of avian haemosporidians and their significance in evolutionary and conservation biology , Ricklefs & Outlaw 2010 have helped reestablish the field. Currently, these parasites are being used extensively for ecological and evolutionary modelling studies of host-parasite systems, which studies are essential for understanding ecological parasitology and vertebrate conservation and management (van Riper III et al. 1994 , Møller & Nielsen 2007 , Marzal et al. 2008 , Bonneaud et al. 2009 , Levin et al. 2009 , Loiseau et al. 2010 .
Taxonomists have described more than 200 species of avian haemosporidians from hundreds of bird species and have placed them into four distinct genera, Plasmodium, Haemoproteus, Leucocytozoon and Fallisia. The vectors for these parasites are exclusively blood-sucking dipteran insects belonging to 17 genera (Valkiūnas 2005 , Njabo et al. 2011 . The features that have been traditionally used to define genera and subgenera of haemosporidian parasites include the morphology of blood, tissue and vector stages when analyzed under a light microscope, vector preference, the ability to digest hemoglobin when parasitizing red blood cells, the course and details of the life-cycle (Garnham 1966 , Laird 1998 , Valkiūnas 2005 . Species of avian haemosporidian parasites have traditionally been described based on the morphology of their blood stages and limited experimental information on their vertebrate host specificity. Their identification based on microscopic observation is based mainly on characteristics of the asexual and sexual intracellular blood stages, morphometric analyses, such as length, width, area, number and size of pigment granules (Garnham 1966 , Valkiūnas 2005 , Martinsen et al. 2006 ). Importantly, blood films, which are used for microscopic examinations, should be well-prepared and should be examined properly by skilled investigators (Valkiūnas et al. 2008a) . Recent molecular studies using gene sequence analysis have supported the classification of the majority of genera and many subgenera of avian haemosporidian parasites and have provided additional information about the phylogenetic relationships between currently recognized genera (Martinsen et al. 2006 ). Phylogenetic reconstruction of cytochrome b (cytb) lineages from readily distinguishable morphospecies has shown that many lineages form monophyletic clusters that match morphospecies. Such congruence between genetic and morphological data demonstrates the integration of traditional parasitology and molecular biology (Perkins & Schall 2002 , Križanauskiené et al. 2006 , Hellgren et al. 2007 , Palinauskas et al. 2007 . However, molecular studies based on both mitochondrial and nuclear DNA have also shown that some morphological and life-history traits within haemosporidian parasites do not necessarily indicate evolutionary coherence (Perkins & Schall 2002 , Ricklefs et al. 2004 , which warrants further investigation.
Species of avian Plasmodium: difficulties with diagnosis -The term "malaria parasite" was historically used to name haemosporidian species that undergo asexual reproduction in vertebrate blood, hence the name Plasmodium spp (Garnham 1966 , Coatney et al. 1971 , Valkiūnas 2005 . It is important to note that species of Plasmodium complete merogony in erythrocytes, while Haemoproteus spp do not. Additionally, avian and mammalian Plasmodium spp are transmitted by and complete sporogony exclusively in mosquitoes (Culicidae), while Haemoproteus spp do not. The main diagnostic differences between these haemosporidians have been previously summarized (Garnham 1966 , Valkiūnas 2005 . However, some disease symptoms caused by both Plasmodium and Haemoproteus species, such as hemozoin deposition and anaemia, are similar (Chen et al. 2001 , Schrenzel et al. 2003 , and both genera include species that cause substantial morbidity and mortality in natural populations. Importantly, recent molecular analyses show that the genus Plasmodium is monophyletic with respect to Haemoproteus (Martinsen et al. 2008) , suggesting that the old name "malaria" should be restricted to disease caused by Plasmodium species . Disease caused by Haemoproteus parasites has traditionally been termed hemoproteosis. Therefore, this review will mainly consider malaria parasites of the genus Plasmodium.
Avian malaria parasites are transmitted by numerous species of mosquitoes; the majority of parasites investigated use species of the genera Culex, Aedes, Culiseta, Anopheles, Mansonia and Aedeomya as vectors (Valkiūnas 2005) . Recently, Njabo et al. (2011) showed that Coquillettidia species might be important vectors for avian malaria in African birds, indicating that our understanding of avian malaria vectors is incomplete, particularly in tropical regions.
Sexual reproduction of Plasmodium species occurs in the mosquitoes, indicating that the vectors are definitive hosts. Although general patterns of avian malaria parasite epizootiology have been studied (Garnham 1966 , Atkinson et al. 1995 , McConkey et al. 1996 , little is still known about the vectors for many avian Plasmodium species or the diversity of parasites that certain vectors might transmit. The interactions between malaria parasites and their vectors are complex and can be affected by both genetic and environmental factors (Tripet et al. 2008) . Recently, several studies have used molecular markers to examine the distribution of avian malaria parasite lineages in wild-caught vectors (Gager et al. 2008 , Istiaq et al. 2008 , Ejiri et al. 2009 , Kim et al. 2009 , Kim & Tsuda 2010 , Kimura et al. 2010 . However, the "parasitevector-vertebrate host" interactions remain understudied for avian malaria, particularly in tropical countries.
Five subgenera of avian malaria parasites traditionally are accepted as valid: Haemamoeba (Grassi & Feletti 1890), Giovannolaia, Novyella and Huffia (Corradetti, Garnham & Laird 1963) and Bennettinia (Valkiūnas 1997) . Classification of avian malaria parasites into subgenera facilitates species identification when using optical microscopy to perform morphological analysis in blood films. The validity of some subgenera of avian Plasmodium remains unclear based on limited molecular analysis (Martinsen et al. 2006 ) and some recently established subgenera (Landau et al. 2010 ) also need to be validated. Clearly more genetic analysis is needed before the subgeneric classification of these parasites can be reconstructed (Palinauskas et al. 2007 ).
Species identification of avian haemosporidian parasites is a complex task, mainly because most wild birds have low levels of parasitaemia and are frequently coinfected with haemosporidians belonging to the same or different genera. These are the most common obstacles to Plasmodium spp identification, particularly for the non-experts. However, the current lack of taxonomic experts and training in Plasmodium taxonomy is a larger issue. Many species of avian malaria parasites are very distinct and some of them can be identified based on single cells in blood films. For instance, the presence of markedly vacuolated trophozoites or lobulated gametocytes clearly indicates infection with Plasmodium tejerai, a parasite whose transmission seems to be restricted to South America (Galbadon & Ulloa 1977) . There is an urgent need to train taxonomists to identify malaria parasites because few experts have the knowledge base to identify avian Plasmodium spp and few people in the next generation of scientists are learning these taxonomic skills (Valkiūnas et al. 2008a) .
Because primary acute haemosporidian infections are particularly pathogenic (Atkinson et al. 1995 , Palinauskas et al. 2011 , many infected birds are thought to be undersampled in field studies that use mist-net capture methods or some other traditional ornithological bird capture methods (Valkiūnas 2005) . Hence, captured infected birds are generally at the chronic (relatively benign) stage of infection with low levels of parasitaemia in blood smears. The minimal visualization of parasites in blood smears can lead to an underestimated diagnosis, particularly in studies related to the prevalence of parasites in bird populations (Ribeiro et al. 2005 , Garamszegi 2010 ). Furthermore, to identify the Plasmodium species with greater certainty, all the main blood stages of the parasite (trophozoites, meronts and gametocytes) should be examined, preferably using samples with a relatively intensive parasitaemia (approximately over 0.1%) (Valkiūnas 2005) .
Another factor that markedly hampers species identification is variability in the specificity of avian Plasmodium spp, i.e. the same species of Plasmodium can develop in birds belonging to several families and even orders, but some species seem to be relatively host restricted (Iezhova et al. 2005 , Križanauskiené et al. 2006 , Palinauskas et al. 2009 , Loiseau et al. 2010 . For example, the lineage P-SGS1 of Plasmodium relictum is a generalist and has been found in over 40 species of birds belonging to several families of the order Passeriformes. Palinauskas et al. (2008) have experimentally demonstrated that there are marked differences in the susceptibility of five different species of passeriform birds to this parasite. In this study, one host species (starling Sturnus vulgaris, Sturnidae) was completely resistant and a few house sparrow (Passer domesticus, Passeridae) individuals were susceptible. However, all individuals from three other bird species (Loxia curvirostra, Spinus spinus, Fringilla coelebs, Fringillidae) were easily infected, demonstrating that susceptibility to the same parasite varies markedly between bird species and among individuals of the same species. Conversely, some Plasmodium lineages have been reported only in several species of sunbirds in Africa (Loiseau et al. 2010) . Hence, the available data shows that the majority of malaria parasite species have a broad range of avian hosts, but there are also exceptions (Beadell et al. 2006 ). These observations should be considered during ecological and evolutionary biology studies. To circumvent the main limitations on microscopic detection, molecular diagnostics of haemosporidians have been used, improving both the identification of parasites and the detection of parasitaemia (Bensch et al. 2000 , Perkins & Schall 2002 . Notably, both polymerase chain reaction (PCR)-based and microscopy-based techniques have limitations in diagnosing malaria parasites (Valkiūnas et al. 2006 (Valkiūnas et al. , 2008b . Molecular methods that use the PCR-based techniques to amplify specific regions of the Plasmodium spp genome have proved to be more sensitive in the diagnosing avian malaria when there are low levels of parasitaemia (Richard et al. 2002 ). However, the PCRbased techniques that are currently used frequently do not identify co-infections with haemosporidian parasites that belong to the same and different genera (Valkiūnas et al. 2006 , Martínez et al. 2009 ). Additional limitations of PCR-based techniques have been extensively discussed (Pérez-Tris et al. 2005 , Ribeiro et al. 2005 , Valkiūnas et al. 2008b , Martínez et al. 2009 ). Notably, professional examination of blood films shows similar trends in the prevalence of haemosporidian parasites as PCR-based diagnostics (Valkiūnas et al. 2008a ). The lack of sensitivity of microscopy in diagnosing malaria is not as dramatic as some authors describe (Richard et al. 2002) when good skilled investigators examine highquality blood films. Currently, the parallel application of PCR-based and microscopy-based techniques appears to be effective in wildlife malaria studies (Valkiūnas et al. 2008b , Garamszegi 2010 ).
An interesting feature of malaria parasites is that they multiply in peripheral blood, facilitating experimental infections via subinoculation of infected blood into susceptible hosts. High levels of parasitaemia develop during such primary infections, during which all the stages necessary for parasite species identification are available (Palinauskas et al. 2007 ). This procedure can be used in Plasmodium taxonomic studies and constitutes an easy technique to determine the subgenus and species of malaria parasites with greater confidence, which is particularly important during the description of new Plasmodium species and the development of parasite molecular diagnostics. The increase of parasitaemia also allows for reliable morphometry and statistical analyses of blood stages, which can then be compared to data available for other parasites in museum collections (Garnham 1966 , Valkiūnas 2005 . Currently, the education of a new generation of taxonomists with good knowledge base of both parasite morphology and molecular biology is essential in improving the identification of Plasmodium species in wildlife. The formation of research groups that combine different expertise in molecular parasitology and taxonomy of avian Plasmodium is urgently needed .
Emerging difficulties in molecular analysis of malaria parasites -Currently, few molecular markers are widely used in the molecular analysis of avian haemosporidians (Martinsen et al. 2008) . Mitochondrial genome markers are commonly used in phylogeny and genetic diversity studies of avian malaria parasites , Martinsen et al. 2008 ). Importantly, the studies based on mitochondrial genome markers provide good congruence with fundamental data from traditional parasitology. Recently, Martinsen et al. (2008) published the first large phylogeny of Plasmodium spp and related haemosporidian parasites, which was generated using sequence data from four genes found on the parasites' three genomes -two mitochondrial genes: cytb and cytochrome oxidase I, one nuclear gene (adenylosuccinatelyase) and one plastid gene (caseinolytic protease). Using both Bayesian and maximum parsimony analyses, the authors concluded that the genus Plasmodium is paraphyletic with respect to Hepatocystis, a group of species with a different life cycle and morphology, and that Plasmodium of birds and squamate reptiles all fall within a single clade, with evidence for repeated switching between birds and squamate hosts (Martinsen et al. 2008) . Thus, the monophyletic origin of Plasmodium in respect to avian Haemoproteus spp has been shown.
Notably, several studies based on molecular analysis of the malaria parasite and related haemosporidians have revealed a wealth of genetic diversity among their lineages (Bensch et al. 2000 , Ricklefs & Fallon 2002 . DNA sequences from numerous parasite species have been deposited in GenBank, which has become an invaluable resource for the study of different biological aspects of these parasites. However, the majority of DNA sequences in GenBank have only been identified to the genus level and sometimes at even higher levels of classification. The low number of named haemosporidian species available in GenBank has hindered the process of linking information from DNA sequences to more traditional parasitology-based morphological species identifications. The lack of such linkages has impeded the incorporation of the huge knowledge base from traditional parasitology into the rapidly developing field of molecular biology. Additionally, the misidentification of parasites in GenBank has been a particular concern of researchers (Valkiūnas et al. 2008a ). The correct linkage of traditional parasitology data with sequence information is increasingly important because molecular approaches are revealing vastly more parasite diversity than had been previously known, which emphasizes the crucial need for traditional biological analyses to confirm the real significance of these molecular observations. Therefore, the combination of traditional parasitology and molecular biology analyses has become an essential part of recent wildlife malariology studies .
Studies on the prevalence and genetic diversity of malaria parasites in Brazil -Parasites reduce the fitness of their hosts and can constitute a strong selective force operating within natural populations (Lefèvre et al. 2008 ). Brazil has a particularly high level of diversity and species richness in its ornithological fauna compared to other countries. In the Brazilian forests, some species of birds are considered a priority for conservation because of their high degree of endemism or their risk of extinction.
Although Brazil confronts serious problems in conserving its biomes and biodiversity, few studies have been conducted to assess the diversity of haemosporidians and other blood parasites in different species of wild birds (captive or free living) or the influence of parasitism in altered and intact environments (Bennett & Lopes 1980 , Woodworth-Lynas et al. 1989 , Ribeiro et al. 2005 , Fecchio et al. 2007 , Belo et al. 2009 , Bueno et al. 2010 , Sebaio et al. 2010 , Fecchio et al. 2011 (Table) .
Two pioneering studies have examined the prevalence of haemoparasites in a large number of birds in the state of São Paulo (SP), Brazil (Bennett & Lopes 1980 , Woodworth-Lynas et al. 1989 . These studies represent the first prominent surveys conducted in Brazil that assess the prevalence of haemoparasites in wild birds from various families while comparing the parasitism among birds captured at different locations. In these studies, only microscopy-based methods were used to provide an original and recognized database. Bennett and Lopes (1980) have reported the seasonal distribution, host distribution and prevalence of parasitism in approximately 3,500 birds from three areas in SP, Brazil [Itapetininga (23º40'S 48°05'W), Casa Grande (23º40'S 45°55'W) and Guaratuba (23º45'S 45º55'W)], which showed a low overall prevalence of Plasmodium (0.9%). Of the three areas evaluated, one region (Guaratuba) showed a significantly higher prevalence of haemoparasites (Plasmodium, Haemoproteus, Trypanosoma, Leucocytozoon, microfilaria) while a different region (Itapetininga) showed a higher prevalence of Plasmodium (1.8%). These results may be explained by the differences in the environment and the composition of the avifauna investigated in each area.
To investigate whether the differences in the prevalence of haemoparasites could be influenced by the distribution of bird species, Woodworth-Lynas et al. (1989) greatly expanded upon the previous sample size. In that survey, 15,574 birds from nine localities in SP, Brazil were examined (Itapetininga, Casa Grande, Guaratuba, Iguapé, Zoológica, Registro, Peruíbe, Itanhaém and Piedade). The same three areas previously analyzed by Bennett and Lopes (1980) were also included and considered in the study (Itapetininga, Casa Grande and Guaratuba). The overall prevalence of Plasmodium was low (0.6%), similar to the previous report (Bennett & Lopes 1980) . Among the three areas evaluated, the Guaratuba region still showed a significantly higher prevalence of haemoparasite infection and the Itapetininga region Belo et al. (2011) a: data on free living and captive birds are given; b: Plasmodium relictum identified as a causative agent responsible for death in three penguins from a zoo in the municipality of São Paulo; c: in this study both parasites Plasmodium and Haemoproteus were considered as a causative agent of avian malaria; H: Haemoproteus spp; M: microscopic examination; P: Plasmodium spp; PCR: polymerase chain reaction diagnostics.
still showed the highest prevalence of Plasmodium infection (1%). Notably, the low prevalence observed in those studies may have been influenced by the methods used in their diagnosis because the quality of some their blood films is fairly poor, which have since been deposited in the Queensland Museum, Queensland Australia (G Valkiūnas, unpublished observations). However, the reliable data from the study include the observation that the prevalence of malaria parasites significantly varied between sampling areas, corroborating the results obtained by Bennett and Lopes (1980) . The differences in the species composition of birds and the susceptibility of avian hosts observed in those three major regions of SP (Itapetininga, Casa Grande and Guaratuba) have demonstrated that these factors could influence the overall prevalence data and may reflect the distribution of haemoparasites in wildlife. These two prominent studies have shown the importance of assessing the prevalence of haemoparasites in birds from different regions and the possible directions for such research. Brazil is composed of several different types of biomes, such as Amazônia, Cerrado, Mata Atlântica, Caatinga, Pantanal and Pampas. However, the prevalence of blood parasites is unknown in some of these biomes. Considering that the prevalence of haemoparasites varies according to host distribution, the next logical step would be to examine the distribution of parasites in wild birds from several different habitats at the bird population level.
The prevalence of Plasmodium spp in wild birds from the Brazilian Atlantic Rainforest and Cerrado were reported in two different studies (Sebaio et al. 2010 , Fecchio et al. 2011 . Relatively low overall prevalence of Plasmodium spp among different species of passerine birds (< 10%) was observed. Another survey conducted by Ribeiro et al. (2005) determined the prevalence of Plasmodium in Brazilian birds from the Atlantic rainforest by amplifying the small subunit ribosomal ribonucleic acid (18S SSU rRNA) gene. In this study, this molecular technique was more sensitive in detecting blood parasites among wild birds than microscopy (39.6% and 16% of infection, respectively). However, the quality of the blood films used in microscopic diagnostics and microscopic protocols was not discussed but would be important to make reliable comparisons (Valkiūnas et al. 2008b) . Interestingly, these molecular data revealed that birds captured in the large forest areas had a higher prevalence of infection than birds captured in the small forest areas (51.9% and 28.5%, respectively). A bird's diet was also correlated with the prevalence of Plasmodium spp. The insectivorous birds rather than granivorous, frugivorous or omnivorous birds had a higher prevalence of infection. Birds that participate in mixed-species flocks also had a higher prevalence of infection for Plasmodium spp than birds that do not participate in this group.
Considering that disturbances in the host-parasite relationship could change the route of pathogen transmission, it is important to understand how environmental and climate changes may affect this relationship (Ricklefs et al. 2004 , Sehgal 2010 . Thus, there is a great need for the development of studies to evaluate the impact of deforestation on the diversity and abundance of avian malaria parasites in Brazil, as has recently been performed in African forests (Bonneaud et al. 2009 , Loiseau et al. 2010 . Recently, we screened 676 wild birds from three different environmental regions (intact cerrado, disturbed cerrado and transition area Amazonian rainforest-cerrado) for the presence of haemosporidian parasites (Plasmodium and Haemoproteus spp) to determine whether different habitats are associated with differences in the prevalence and diversity of infection in natural populations (Belo et al. 2011) . Twenty-one mitochondrial cyt b lineages including 11 from Plasmodium spp and 10 from Haemoproteus spp were identified. Surprisingly, neither the prevalence nor the diversity of infection of Plasmodium spp or Haemoproteus spp differed significantly among the three habitats studied. However, 15 of the parasite lineages had not previously been detected and may be restricted to these habitats or to this region. Further PCR-based studies combined with microscopic examinations are needed to understand the distribution patterns and biodiversity of avian haemosporidian parasites in Brazil and South America.
Pathogenicity and treatment of avian malaria -The pathogenicity of malaria parasites towards birds usually differs during the acute and chronic stages of infection. The onset of clinical signs and symptoms is associated with the acute stage of infection, which can progress very rapidly. Malaria infected birds may appear lethargic, reject food and drink and show signs of pain, ruffled feathers, closed eyes and fallen heads. In more severe cases, mucosal pallor, dyspnea, anorexia, regurgitation and death may occur (Garnham 1966 , Atkinson et al. 1995 , Valkiūnas 2005 . The chronic stage caused by avian malaria parasites is subclinical in most cases, but relapses can occur and can even lead to severe disease under stressful conditions including seasonal changes or the occurrence of concurrent infections with other disease agents (Applegate 1970 , Palinauskas et al. 2011 . Moreover, other variables related to the pathogenicity of different Plasmodium species should be considered, in particular the differences in virulence for different lineages and the differences in susceptibility between different species of avian hosts and even individuals within the same species.
The susceptibility of different hosts can directly influence the level of virulence. A fascinating example is the infection caused by Plasmodium juxtanucleare, a species widely distributed in tropical and subtropical countries worldwide (Valkiūnas 2005) . Interestingly, it is the only Plasmodium species that naturally infects chickens in Brazil, where the prevalence can reach up to 100% in some areas (Santos-Prezoto et al. 2004 ). This species has been also reported in other species of Galliformes (Versiani & Gomes 1941 , Massard & Massard 1981 , Murata et al. 2008 ) and in penguins (Grim et al. 2003) . It is clear that the virulence of this parasite depends on the strain of the parasite, which is different for different avian hosts.
Some experimental studies examining the life cycle and transmission of P. juxtanucleare are available (AlDabagh 1961 , Bennett & Warren 1966 , Krettli 1972 , Lourenço-de-Oliveira & de Castro 1991 , Elisei et al. 2001 , Paraense 2004 , Silveira et al. 2009b ). Two different stud-ies conducted in Brazil have demonstrated that chickens develop low levels of parasitaemia and have few clinical changes when infected with P. juxtanucleare (Krettli 1972 , Silveira et al. 2009a ). However, the same parasite species has caused severe clinical disorders resulting in the death of several penguins in a rehabilitation centre in Africa (Grim et al. 2003) . P. juxtanucleare has also been diagnosed in a white-eared pheasant (Crossoptilon crossoptilon) that exhibited serious clinical signs, such as lethargy and pulmonary oedema, in a zoo in Japan (Murata et al. 2008) . It is possible that the differences observed in the pathogenicity of P. juxtanucleare are due to differences in virulence between parasite lineages in different geographical regions, which have been documented for P. juxtanucleare in chickens (Valkiūnas 2005) . In addition, differences in the virulence of P. juxtanucleare towards different hosts are probably due to differences in the innate susceptibility between different hosts. For instance, penguins are known for their high susceptibility to infection by different Plasmodium species , Grim et al. 2003 . These birds have poor innate immunity against malaria parasites, presumably because the majority of penguin species spend majority of their life in habitats that usually cannot sustain active malaria transmission (cold environments or the absence of susceptible mosquito vectors, or both).
Some drugs have been successfully administered to treat avian malaria, especially against Plasmodium gallinaceum and P. juxtanucleare (Krettli et al. 2001 , Maciel et al. 2008 , Vashist et al. 2008 ). However, the effective action of the drugs was observed only for the erythrocytic cycle. Moreover, the monitoring period for the birds that received the treatment was not sufficient to observe possible relapses of infection. Chloroquine administration was effective in reducing parasitaemia caused by Plasmodium elongatum and P. relictum in naturally infected penguins ). In addition, chickens experimentally infected with P. juxtanucleare showed a significant reduction in parasitaemia after chloroquine treatment (Silveira et al. 2009b) . A mixture of trimethoprim and sulphaquinoxaline has shown efficacy against P. gallinaceum (Williams 2005) . Malarone, which is effective against human malaria parasite, P. falciparum, was effective against natural and experimental P. relictum infections during erythrocytic stages, but was ineffective against tissue stages of this parasite (Palinauskas et al. 2009 , Knowles et al. 2010 . The methods used to treat avian malaria are not sufficiently developed, presumably because of the low levels of pathogenicity observed during chronic stages of infection in most cases, and an underestimation of the true impact of these parasites have on wildlife, particularly during the acute primary stage of infection.
Concluding remarks -Malaria parasites of the genus Plasmodium are cosmopolitan in distribution and have been reported in birds belonging to many families and orders. The number of publications in this field of parasitology is increasing because malaria parasites and related haemosporidians have recently been recognized as convenient model organisms for evolutionary and conservation biology studies. Molecular methods have provided new opportunities to obtain a more innovative understanding of this fascinating group of pathogens. However, the methods used to diagnose malaria parasites in wildlife need to be developed further. There is an urgent need to combine morphological and rapidly accumulating sequence information, which would facilitate the diagnosis of these parasites, particularly in wildlife. Currently, to obtain true estimates of the diversity and prevalence of malaria parasites, a combination of PCRbased and microscopy-based methods is needed.
Birds are frequently used as ecosystems disturbance indicator and are the most comprehensively studied class of animals. Therefore, parasitism has far-reaching implications, not only for the ecology and evolution of species, but also for the conservation of species. However, few molecular studies on the prevalence and genetic diversity of avian malaria haemoparasites have been conducted in Neotropical regions. Different studies addressing prevalence of avian malaria have been conducted in different regions of Brazil, and markedly different prevalences for Plasmodium spp have been reported. Thus, additional studies are needed to increase our understanding of the diversity, prevalence and distribution patterns of Plasmodium. Such studies will provide additional information on the possible influence malaria has on birds, particularly during anthropogenic disturbances to the environment and natural habitat loss. Such information is essential for future projects aiming to predict and manage the impact of avian malaria on birds.
